Ophthalmology education in North American medical schools has declined significantly over the last few decades. The Association of University Professors of Ophthalmology (AUPO) has conducted several surveys of medical institutions to evaluate the state of ophthalmic education provided to medical students. The last survey conducted showed a steady decline from 68% in 2000 to 30% in 2004 in the prevalence of required ophthalmology rotations in medical schools. 1 Currently, the Liaison Committee on Medical Education does not have specific guidelines for ophthalmology training; however, the United States Medical Licensing Examination does include ophthalmic content. 1 Primary care physicians should have some background knowledge in ophthalmic diseases and ocular manifestations of systemic diseases. Cataracts, glaucoma, macular degeneration, and diabetic retinopathy are the leading causes of agerelated diseases in the United States.
management of eye-related diseases. A survey of residency program directors from primary care-related fields (internal medicine, family medicine, and pediatrics) suggested that medical schools were not adequately preparing incoming residents with ophthalmic education. 2 Even though program directors felt that ophthalmic education was important, more than 85% of programs responded that a major component of this education should occur in medical school. 3 A survey of family medicine program directors evaluating skills expected of incoming residents compared with the residents' self-reports of ability to perform that skill also showed this disconnect in ophthalmic education. Although 56% of program directors felt incoming residents should be able to perform a fluorescein eye exam, only 34% of residents felt comfortable with this skill. 4 Therefore, there is a great need for innovative courses and resources for medical students to improve their knowledge and comfort with ophthalmic content and skills to improve their future success as physicians across medical specialties. In an era of an increased recognition of the importance of primary care medicine, it is clear that comfort with basic ophthalmic disease concepts and examination techniques is fundamental to the training of medical students.
The aim of this program evaluation was to evaluate a new course in the ophthalmology curriculum required for thirdyear medical students. This course was a required half-day session with a single ophthalmologist that combined minilectures, case-based learning, and clinical skills training. We hypothesized that this half-day session in a small group format would improve a third-year medical student's medical knowledge and confidence with diagnosis, treatment, and skills specific to ophthalmology.
Methods
A new curriculum in ophthalmology was designed for thirdyear medical students of the class of 2016 at the University of Colorado School of Medicine during their surgery clinical rotation. These half-day sessions were mandatory for all third-year students starting half way through the academic year. Therefore, approximately half of the class participated in this course. This program evaluation was approved by the Colorado Institutional Review Board as a program evaluation.
Program Curriculum
The course was composed of mini-lectures, clinical skills, and problem-based learning in the format of cases with class sizes ranging from four to seven students. The topics of the curriculum were based on the AUPO Task Force guidelines for medical student education (►Table 1). 5 The three main areas of competency were core skills, the recognition of red flag physical findings, and knowledge base. The core skills were focused on physical exam skills necessary for a competent generalist physician to complete a screening eye examination. The red flag physical findings area focused on signs and symptoms that should be recognized by a generalist physician as appropriate for a prompt consult with ophthalmology, as they were potentially sight or life threatening. The knowledge base area was identified as a minimum base of ophthalmic knowledge appropriate for medical students.
Each half-day course was instructed by the same faculty member of the Department of Ophthalmology, University of Colorado, which helped to limit the resources required for implementation. The course schedule alternated between mini-lectures, clinical skills, and problem-based learning cases with specific topics outlined in the course schedule (►Table 2).
Program Evaluation
All students in the medical student class of 2016 were separated into either the participating group or nonparticipating group based on whether or not they attended one of the half-day sessions. There was a 15-multiple choice question (MCQ) pre-test given to every student in the participating group at the beginning of the session (Appendix 1) to assess their medical knowledge in ophthalmology. Every student in the participating group was also given a 13-question pre-survey using a Likert scale to evaluate their own confidence in ophthalmology education (Appendix 2). At the conclusion of the session, the students were given a 13-question post-survey (similar to the pre-survey) on how they felt the session affected their ophthalmic knowledge using a Likert scale. The 13th question was a free text question for students to give constructive feedback on the course (Appendix 3). At the end of the students' third year, the participating group was given the same 15-MCQ test as a post-test via SurveyMonkey to assess their retainment of ophthalmology medical knowledge. Furthermore, all students in the class, including both the participating group and nonparticipating group, were given a shorter sevenquestion quiz at the end of the year (Appendix 4). The scores on these tests and quizzes were not used as part of the formal grading of the students. All students who participated in this course were informed that their scores and participation had no impact on their formal surgery grade evaluation.
Analysis
The pre-and post-survey results in the participating group were compared. The mean pre-and post-test scores were also compared in the participating group using Student's t-test. The seven-question quiz mean scores of the participating group were compared with the nonparticipating group. Simple Student's t-tests were used to determine significance, which was set at p < 0.05.
Results
There were 124 students in total in the medical student class of 2016. Seventy-six (61.3%) of those students were in the participating group, while 48 (38.7%) of the students were in the nonparticipating group.
The pre-survey contained three unique questions gauging students' confidence in ophthalmology and its emphasis in medical school. The mean score for time dedicated to ophthalmology in medical school being sufficient was low at 1.72 with a standard deviation (SD) of 0.66. Student's interest in learning more about ophthalmology had a higher mean score of 3.77 (SD ¼ 0.72). Student's interest in pursuing ophthalmology had a slightly lower mean score of 2.15 with greater variability (SD ¼ 1.04).
The pre-and post-survey responses from the participating group were compared in the topics of general comfort with ophthalmology, ocular anatomy, ocular history, basic eye exam, anterior segment diseases, optic nerve diseases, retina diseases, strabismus, and lid lesions, and whether more ophthalmology exposure would be helpful in medical school using a Likert scale (►Fig. 1). The post-survey showed an overall improvement in confidence in each aspect of ophthalmology that was covered in the session. Students still felt that more exposure to ophthalmology would be beneficial even after completion of the course. The post-survey included two questions specifically designed to analyze the course and instructor. Students rated the effectiveness of the instructor very highly with a mean score of 4.95 (SD ¼ 0.22). Students also rated the time dedicated to the session being sufficient highly with a mean score of 4.43 (SD ¼ 0.76).
The final question of the post-survey was a free response question asking for critique: what students liked and what could be improved. There were many common themes among the students' free responses. Students felt that the session was interactive and engaging, and they enjoyed the hands-on aspects of the session. Students wished they had this session earlier in their medical school career. Students felt that the session was long and commented on breaking up the session to more than one half-day. Students also would have liked interacting with real patients in a clinic setting. Many students commented on appreciating the style and enthusiasm of the instructor and the "high-yield emphasis" of the course.
Students in the participating group had a pre-test response rate of 100% and answered 61.8% of the questions correctly on the pre-test. There was a much lower response rate of 61.8% for students in the participating group who took the post-test via SurveyMonkey. However, the average score of the post-test was 72.3% correct, which showed an improvement in score after participating in the course (p < 0.001; ►Table 3).
Students in the participating group had a quiz response rate of 96.1%, which was comparable to the quiz response rate of the students in the nonparticipating group, 95.8%. The participating group had a mean quiz score of 61.2%, which was higher than their classmates in the nonparticipating group with a mean score of 54.3% (p ¼ 0.028; ►Table 4).
Discussion
Increasing ophthalmology exposure to medical students has become a difficult task with the marginalization of this subspecialty from the curriculum. Exposure to ophthalmology during medical school may be all the education most medical professionals receive during their careers unless they choose to go into the field. This fundamental knowledge of ophthalmology remains vital, as many of the visually debilitating diseases (diabetic retinopathy, glaucoma, macular degeneration, etc.) or initial presentations of common eye problems (conjunctivitis, corneal abrasion, etc.) may present to the primary care provider first.
Results from the pre-survey-specific questions highlighted that most students who participated in the course were not interested in pursuing a career in ophthalmology. This was in line with previous literature where approximately 98% of students graduating medical school do not pursue a career in ophthalmology. 6 However, students at the University of Colorado-Denver remained interested in learning more about ophthalmology and felt that the amount of time dedicated to ophthalmology in medical school was insufficient. These results highlight that medical students at this university recognize most of them will not go into the field, but many of them will still need baseline knowledge of diagnosis and treatment for basic ophthalmic diseases. This decline in necessary ophthalmology knowledge is not only something noticed by residency directors in their incoming interns, but is also recognized by our students' own assessments of their knowledge gaps during their first clinical year of medical school.
Students commented on many of the strengths of the course in their free responses and assessment of the instructor in the post-survey. Some of the free responses also commented on enjoying the engaging and interactivity of the instructor and the case-based learning. Students felt that the course was taught with an emphasis on practical knowledge and skills that were "high-yield" for medical students and primary care providers. Students also enjoyed being able to participate in the hands-on aspects of the course in a small group manner that re-emphasized the purpose of the skill.
Students also offered insight into ways the course could be improved. Many felt that the ophthalmology session should have taken place earlier in the medical student curriculum, so they could utilize these skills during other rotations such as neurology, family medicine, or emergency medicine. Students also wanted to decrease the time spent in the lecture room and add clinic time where they could work with patients. Some students commented on the length of the session being long and suggested having the course duration over more than one half day to increase retention and decrease the volume of knowledge presented in a short time.
Participation in the ophthalmology course significantly improved student's confidence in ophthalmology. Students showed improved comfort with all aspects of ophthalmology that were presented including ocular anatomy, ocular history, the basic eye exam, anterior segment diseases, optic nerve diseases, retina diseases, strabismus, and lid lesions. Nearly every topic had at least a 2-point increase in confidence in the post-survey. This supports the success of one of the main objectives of the ophthalmology session: to increase medical student's confidence in diagnosis, treatment, and skills unique to ophthalmology.
Students in the participating group had an increase in mean test score after this ophthalmology session, and an increased mean quiz score compared with their peers in the nonparticipating group. The scores within the participating group were comparable to the results of similar small group, problem and case-based learning courses at the University of Wisconsin School of Medicine (mean pre-test score of 55% and post-test score of 89%) and Penn State College of Medicine (mean pre-test score of 55% and post-test score of 80%). 6, 7 These results support the ability of this course to improve the understanding of common ophthalmology content among third-year medical students by increasing their medical knowledge.
This course evaluation does have some limitations. The students were not all taught at the same time during the academic year; therefore, the timing of the course during the third year may have affected the results of the post-test and quiz. Second, this course evaluation did not take into consideration that students may have had a variety of exposures to ophthalmology prior to taking this session, such as research interests, shadowing, etc. While our evaluation was able to assess the knowledge and attitudes of the students at the University of Colorado-Denver, there was no direct assessment of an improvement in physical exam skills of our participating students. The students were provided with the opportunity to practice their basic eye exam skills with guidance, and our evaluation gathered how they felt about their own skills before and after the session. Another limitation is the lower response rate of the post-test, which may have influenced the interpretation of the post-test results. This was given to students in an optional SurveyMonkey format, and the response rate was less than the other surveys and quizzes. An overall limitation is the extensive time spent preparing and teaching the course by one attending physician, which limits its sustainability. While our course has limitations, the students who had the opportunity to participate in the course did show an overall improvement in their knowledge of ophthalmology as well as an improvement of their comfort of ophthalmology. While the students in the nonparticipating group did not have the opportunity to access the material presented in this course due to the nature of the third-year clerkship curriculum design, this course is now required by our School of Medicine for every student during their surgery clerkship based on the data of this course evaluation.
It is imperative that ophthalmology departments develop unique methods to teach medical students about eye disease and management to fit within their school's curriculum. At the University of Colorado School of Medicine, this half-day ophthalmology session for third-year students during their surgery rotation was successful and filled a gap in the current curriculum. The main objectives of the course, increasing student's comfort and knowledge in diagnosis, treatment, and skills unique to ophthalmology, were achieved.
Future improvements for course organization will focus on incorporating other faculty and teaching methodologies. This will decrease the length of the session, retain the same breadth of information, and will help make this course more sustainable and effective.
